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1) Technical Reports

2)

a)

b)
©)
d)
€)
f)

g)
h)

)
k)

D

Horan, Stephen and RuHai Wang, "Enhancement of the NMSU Channel Error
Simulator to Provide User-Selectable Link Delays", NMSU-ECE-00-001, March
2000.

Horan, Stephen, "Using Cell Phones from Satellites", NMSU-ECE-00-002, April
2000.

Jiang, Hui and Stephen Horan "Wireless Telemetry and Command (T&C)
Program", NMSU-ECE-00-003, April 2000.

Fan, Jin and Stephen Horan, “Implementing Real-Time Radio Propagation
Measurements over the Internet”, NMSU-ECE-00-004

Anderson, Bobby and Stephen Horan "Three Corner Sat Communications
System", NMSU-ECE-00-005, May 2000.

Horan, Stephen and Ru-Hai Wang "Effects of Protocol Options on Data

" throughput Over a Simulated Space Channel", NMSU-ECE-00-007, June 2000.

Ghrayeb, Ali and William Ryan "Concatenated Coding and Equalization of Data
Transmission and Storage", NMSU-ECE-00-008, June 2000.

Anderson, Bobby and Stephen Horan "Three Corner Sat Communications
System", NMSU-ECE-00-009, June 2000.

Castro, Julio "A Multidimensional Adaptive Linear Receiver for the Excision of
Spatially-Divers Multi-tone Interferences in a Multipath Mobile Environment”,
Doctorial Dissertation, June 2000.

Horan, Stephen "3 Corner Satellite Communications Link Estimates”, NMSU-
ECE-00-010, September 2000. S

Horan, Stephen "Basic Electronic Design for Proposed NMSU Hitchhiker
Payload", NMSU-ECE-00-011, September 2000.

Ryan, William E. “Concatenated Codes for Class IV Partial Response”, NMSU-
ECE-00-012, September 2000.

Presentations

2)
b)

d)

D. A. Hazzard, E. Y. Poliakov "All-Optical Switch in Alkali Vapors,", SPIE
OptoSouthwest 2000 ,Conference, Albuquerque, NM, April 10-11, 2000.

D. A. Hazzard, J. Mac Cannell, E. Selves, G. Lee, D. Moore, J. Payne, C. Garrett,
N. Dahlstrom "Novel low-data rate full-duplex optical communications link
between earth and LEO,", SPIE OptoSouthwest 2000 ,Conference, Albuquerque,
NM, April 10-11, 2000

D. A. Hazzard, J. MacCannell, G. Lee, C. D. Garrett, J. A. Payne, N. Dahlstrom,
and M. Giles "A Passive Diode Laser Optical Communications Down-link
between the Space Shuttle and the Earth,", International Conference on the
Applications of Photonics Technology, Quebec City, Quebec, Canada, June 12-
16, 2000.

D. A. Hazzard, J. MacCannell, G. Lee, C. D. Garrett, J. A. Payne, N. Dahlstrom,
and M. Giles "Lightwire a Full-Duplex Optical Communications Link between
Earth and the Space Shuttle,", International Conference on the Applications of
Photonics Technology, Quebec City, Quebec, Canada, June 12-16, 2000.

D. A. Hazzard, J. MacCanrell, G. Lee, C. D. Garrett, J. A. Payne, and N.
Dahlstrom "Lightweight Optical Wavelength Communications without A Laser in



3)

4)

space”, , 14th Annual AIAA /Utah State University Conference on Small
Satellites, Logan, Utah, August 21-24, 2000. .

f) Berner, Stephan and Phillip DeLeon “ Parallel ngltal Archntectures for High-
Speed Adaptive DSSS Receivers” Asilomar 2000.

g) DeLeon, Phillip and Yunsheng Ma “ Normalized, HOS-Based, Blind Speech
Separation Algorithms” Asilomar 2000.

h) DeLeon, Phillip “Short-Time Kurtosis of Speech Signals with Apphgag@ to
Channel Speech Separation” 2000 IEEE Internatlonal Conference on Multlmedla
and Expo.

i) D. A. Hazzard, J. MacCannell, G. Lee, C D. Garrett, J. A. Payne, and N.
Dahlstrom,"An Earth to Shuttle Optical Communications Down-Link Using a
Semiconductor Laser," 3rd Annual Directed Energy Symposxum ‘White Sands,
NM and Albuquerque, NM, Oct. 30-Nov. 3, 2000.

j) S. Horan and Ruhai Wang, “Internet-type Protocol Testing in a Small Satellite
Environment,” IEEE Aerospace Conference, Big Sky Montana, March 2001.

k) S. Horan, “So You Wish to Place Your Satellite on the Internet,” Air Force
Research Laboratory, Kirtland Air Force Base, February 2001.

1) S.Horan and Ruhai Wang, “Effects of Networking Configuration on Space
Channel Throughput,” 14" ATAA/USU Conference on Small Satellites, Logan,
Utah, August 2000. o

m) S. Horan, “The Potential for Using LEO Telecommunications
Constellations to Support Nanosatellite Formation Flying,” Space Internet
Workshop, Goddard Space Flight Center, November 2000.

Degrees Awarded .. . . .

a) Jin Fan - MSEE

b) Hui Jiang - MSEE

c) Bobby Anderson - MSEE

d) Julio Castro — PhD

e) YunshengMa-MSEE ==

f) Stephan Berner — PhD

Patent Applied For
a) T.Shay, D. Hazzard, S. Horan, and J. Payne, Light Wire Communications System

(O (06 CadaqadaqUaEaaUaaeCeaqaaadagaccc

| 44 € ¢ ¢

¢ ¢ ¢ ¢



I MITAIIAQ) Urer3old 100T ‘] USTeN

suLIUISU,] JINduwo))
pue [BILI}IIH JO [00YdS Yosdiy
weasoxd
SULINUISU-I[9 , ddedg ueln|

MIIAYY wea30a]

2YOIBISIY SULIIJOWID [, pue
SUISS320.1 [BUSIS ‘SUONBIIUNIITIO))

ALISHIAINN 3LVLS OJIXIW M3IN

BERPEEFREEPEPPPPRRSRBLREPDREREEBPEBPERBEIBISBIEEY



DIDDDDDDDDDODDDDIDDDDDDOIDDEDDDDIDIDDBDDIDIDDEDDDD

z | - " 3 MITAIOAQ) WreISo1g 100T ‘g Yore

WRIS0IJ MIAIY o

- e pes 3 fmoey
, w::ﬁx::@m [IeH PIeppoo) .
SINIDEY .

wWeI301J SULID)IWII T,
pue ‘3uIssad0.1J [BUSIS ‘SUOIIBIIUNUITIO))

punoasydeq NSIAN e

sdido,




€ MITATOAQ) UIeIZ0I] 100T ‘8 UoTeN

AITSIOATU[) YOIRISIY [-913oWIR)) ®B ST NSIAN o

AKITSIOATUN SUIATDS
-Aourua @@Ecwz@@-%:m.ﬁwﬁ e SINSIAN

OOTXIIA |
MAN] I0] AJISIQATU() JuRID) 90vdS VSVN
pUE AJISIOATU[) JURID) PURT 2u) ST (N1SIAN o

punoisyoeqg NSINN

IR I IN DI IS IV I I IV IDEPEPEVEVEREP VIS IS D IV IV R R R R R



YIDDODDODDDDOODBDBDODDDDDIBDDDDDDDD DD L s DD D b

% MITAIOA(Q) UreI3oI] 100T ‘8 YoreN

(TIAV 2 NSIAN) 1uowdo[oAd(] Joyori], 181S —
A101RI0qQR T 3UISS9001d TRUSIS TeISI(] —
AJ0)RIOQET SUONBOTUNWIUIO,) SSI[IIA —
wreI3oid uoissarduwio)) vre(q AAeN —

ure1301d Surssad0ld yooadg 9010, ITy —

wreI30JJd 9I[[JeSOUBN] 9910, Iy —

SJJo-urdg pue 98RIOAIT

WeIS01d SULI)OWI[Q ], puUe
“BUTISSA001{ TRUSIS ‘SUOTIBOTUNTIIO.)



S MITATIAQ) wreidold 1002 ‘S YoTeN

AJojRIOQRT SuonEdIUNWIWO.) [BondQ —

[[EH B9f: o
£1018I0qE | SUISSI001 [RUSIS TeNSI(T —

' AI0IRJOQET UOTIRTNWILS 2IBM}JOS — |

Ax071210QR T JUSWAO[AID IBMPIBH —

[[eH UMOIg 29 SPWOY], o

Bt
i

i

1
v

sonioey



YOXDDDDDDDDODBADDDDEDDDDEDDDDDDDIDD O _w DY DDEDDIDdD

9 MITAIIAQ) wreI301d 100T ‘S UOTe]N

(AeN ur Adnooo) 1007
[udy :3031e3 uonojdwio) —

Anouo[a)

pue ‘Surssaooid Teudis

e3P ‘SUOTIBOTUNUITIOD

‘so13d0-019979 :JoIBISAI

I0J ATOAISN[OX9 pasn aq 0!
(233 000°€T~) 9ordg Xouuy -

UOTIRAOUDI

punj 03 suoneuop eAard

OOIXOJA MIN] JO 9181S “ISN —
p[epourax
9( O} [[eH PIepPpoD) e

4

3ur[epoway [[eH PIEpPpOD



77,

MITAIIAQ) WRIZOI]

-

NN

NInanm3

5

-~

DS

o
N

o
N

100T ‘8 YoTeN

3uIepoway [[eH pIeppon

?uuvavu_vueu“uuvvvnvvmaﬁ%wvvuvv,vvu.,v,vvvw@@%vweu

> )



YIXDRDDDDDDDDDDDDDDDDIDDBDDDIDDDID DD DIDDD YD D Dy

8 | MITATOA() UIRIZO01] 100T ‘] yore\

UOSIOPUY BIOLNRJ S\ —
ZOTCA[Y QOUAIMET "IN —

J3eIS N1SIAN

uewAT [eeydey I —

9I3SNAI)) SapIey)) "I(] —

yerog ead( "I —

.5885 QJBIO0SSY - U0 o dIf[rud "I —
1010011(J - ueloy uaydelg "1 —

Amoeg NSIAN

jyers 2 Anoeyq



6 MITAIIA() UreIdoid 100T ‘8 UoIeN

o Aeyg sewoy, IQ —
383 OOIXIA MAN] JO AIISIOATU()

ueAy WeIIM "IJ -

BUOZLIY JO AJISIOATU[) e

3ye1s 2 A)mnoey

vuvu%evuvvvvevgvvuaae,vew%ng,aw_vvengveuusv@



01

SUOIEDIUNUIUIOD

Jase| 1amod-mo]

y3noay) uoisspusuesy
£1)9wdpa) JUIDIJI «

sjodojoad

Sudeyoed myep

guisn £q yndySnoay)
Bjep poaoxdull «

sanbruyoa)

3u1pod pPuueyd

paaoadut 3uisn £q
JduruLI0)13d poroxdu «

sanbruyo9)

uonjezienba

pue uonenpoul

JUBIJJI JxoW

duisn £q yndySnoayy

sjsanbax
$5930% pascadun «
uonBINIJUod BuUNue
J0J sanbuyod) mau
£q ssadoe aaoadury

uoissnusue.) praoxdury o |

YOYIXDDDIDDEDDDIDDDDDDDDDDBDDERPDDED DD DDDDDDDDDDIDDIDDD

MITAIOAQ) WIRIZOL] 100T ‘] YoreN
12A1903Y dSA
[ nl.m Te J98()
N NIMPEIES ews

/l Suipo)) pPuuey)
\\

\\\

WeIS0IJ MITAY



11 MITAIOAQ) urerdorg

umolpy -- 00:S

MAANY dn-deip 00:6 - 0
SINOL, — 0¢-¥ — 00-v
TVOMOT— SP-€ —00-¢
Aeard — 00-¢ — Sv-¢
uonezijenbyg

[Puuey) — Sp-¢ — S1-¢
3unsay,

[000101d 20vdS — GT1:7 — 0€: 1
qoung O¢-1 - 00-C1

UONR[NPOIN
MSdOd — 0021 — ST:T1
SIQATIIY SS 10] sonbruyoa,
dSd [F1fered — S1-11 - 0¢-01
Jeald 0¢-01 - ST-01
sanbruyda ], uorssardwo))
O9PIA = GI-0T — S¥-6

3urpo)

3unoa110)) 10119 — GH:6 — 00:6
MIIAIRAQ 00-6 - SP-8
suononponuj

7y QWOOPM -8 - 0¢-8

WRISOIJ MITAY

2223320353300 33D5033D2D20D33)»2DHD a@wvvvsvié

100T ‘8 YOIBN



YIXXDDDDDODDDDIDDIBDDDODDDDIDDIDDIDDDDI YD DDDD DB



100T YoTe]A/MATAdY "R,
I VSV N/S[000)01] doedg W 4‘1“ 2

AliSIaniun 81e1S 02IXa|N MaN
Bunissuibu]
laindwon pue |esuos|3 Jo |ooyos yosdipy
welbold suoiediunwwoos|s | pue mc:QmEm_m 1
chI cmcamﬁm

R Ay
L INYZLNT FHL NO E\jdm ¥S %@& o

T FOVIF O HSIM 10X OS

vuqvvvveuuu@wﬁvevgvVavv%avasusuwv@%er@vvu%e



YIYIDDDDDDDDEDDDDDDDDDBDBDDDDDDDIDIIDDDDIBIDDDD D
|

1007 YOTe]A/MIIARY P,
é VSVN/S[000301J 9oedg 5 JAV“ z
“ @M

oy

SOIIjIFISSOd 8inin4 e
Sdo1S 1XON e

SS90y WO02819] O e
Sjuswiadx3 usa.Lng e
suonebnsaau| suondo e
Suo} 3 uswdojona( e
suollsany) BUIIOMIBN e

soido |



100T YOTRIA/MITAY 2,
¢ VSVN/S[090101J 2oedg JG‘\ z
g

@

JuswdojaAsp Aiojeloge|-ul

pue Buijsal punoib ul pasn alje se sanbiuyos)

pue ‘sj0o010.d ‘@1emyos aswes ayj buisn
sajllj|a1es alelado 0} ysim siadojonap allj|oles e

1;_1’?

suonseny) BuoMeN

>3350 )2500253233232H22D12322)35>22)D



YYDIDDODDDDDDEDDDIDIDDIDDIDDDDIDDDDDIDIDBDDDIDDDD )

100T YOTeJN/MITASY T,
b VSVN/S[000101g 20edS WMM.\NM
Anoss — ~ suoneJado
AUl painqLisIp 1o}
uo peaylano |0o0joid — SHIOM]BU [BIDIaWWOD
s8indwiod by 1890 Ayijigeladolaiul —
ul peaytano |000yo.d — saljljiqedes pue
)ul| Jesn .wm\:.._“—mmu— ‘SpJepueils
-9|buis e sI punoib o} [E10J8WWOD
ooeds wWou} MUl 8y Jjo abelons| —
90UuIS suoijeoldde aouUapluod
Auew ui [peno — leuoljelado ul spie —
SUOD) SOld e

suoisanpd bunjiomieN



100T UOTEJA/MIIARY e,
s VSV N/S10001014 20edS

sAejep uonebedoid poys —
(senuiw G ~) saniunuoddo Jajsued) LOYs —
obuels gIN | ybnoayr gy | ul sazis 9|} —
SHUIl Ui0g UO 100000 > H3d —
uinyal sdgy G| > ‘pisemio) sdg 00ye —
BunjIomlaN

all||o1es |[lews 10} 3|1J0ld J18SN POWNSSY e

suolisanp) bujiomiaN



AR

DODDDPDIDPDDDDDIDODDDEDDDDD D YD DD D Dy bDd Dy % > Db ,_!_- )

100T USTeN/MITAY] S8,
9 V SVN/s[000301g 20edg J ‘

_Un.:x.._r

suoleinbijuoo Jeyndwod
W01} pajwif ul }lom sjoo030.id 8y} op —

| ﬁ souew.iouad
Q_mr_ ‘019 co_mmmEEoo lapeay ‘|0Jju09
uollsebuod se yons suondo [000304d op —

|]puueyO 3llj|8yes ayl ul d|/dDL
19N0 SdDS Jo abejuenpe ue aiay) SI —

palamsue aq 0] SUONSaNY)

suolnsanp bujiomieN



100T YOTEIA/MI1AYY T,
L VSVN/S[000101] 90edg 5 4‘\ 2
o

Ld
i
Coyd

|]auueyod aoeds Jo |
)S1 awnsse 0} Buljim — yoddns Surjromiou pue
XNUT] poppaquis Yim HgS

191ndwiod ybiy

B Sk pasnh aq ueod

1ey] s1a1ndwod pieoq
-o1buis Apeal-jauloiu| —

syonpo.d

SSO|aIM pue awl|
pue| [eloJawwod asn —

= — dl/dOL *

1.9 Lsuonseny) BupiomieN

PR DRBEBRBMNDEREEEEREEE cvaecvéew_eses%vv%é%



YIYIDDIDDDDDDDIDEDDDEDDREDEBDBIDDIDIDIDIDD DB DD DI D

100T Y2TBIA/MITADY ¥,
8 VSVN/s[000301] 20edg “ J ‘

nvu_xb

~ swuoye|d xiun/xnui
Lou, m_nm__mzm uonejuswa|dui 9oual8jal —

uolsabuod jou pue
S10418 sk ssOj 18¥0oed jeal) 01 uondo sey —

|Jduueyo aoeds ay) 1o} paziwndo —
dl/dO1 punoJe paubisep —
dod pue ySVN Aq pspunj —

(SdDS) uoneoioads
|000]0.1d suoljediunwuwo)) adeds

S]090)0.d



100T UOTeN/m31ASY | eI,

<9
V SVN/s[000301] doedg ¥ Jnﬂ\ z
4 &
yRuRly 900.%.#&.
Lejaq

wImy - uamay - e wImIy

plesIog

plesmioy U—

KepaQq
premioyg

Apuspuadapul Jul] yoes ainbiuod e
MUl yOBd U0 SPU02as G > Aejop »
o|qe1o9|9s Hg e o
uonoalip yoee ul sdq 002SkHL > Y e |
SHul| allj|eles |[ews [opowl —

poqisal Aiojeioge| Aisws|d ] NSIANN

S 0}j3 1uswdojaAa(

3223032323203 0D330)>XD3D22DDIDDIIDDIIIDDIIDIDD

%



CODDIDDDDDDDOBIBBDBEBEDPD DD DD DD DD D KD D DD DD

100T YOTRIAl/MOIADY . TR,
01 VSVN/s[020301J 9oedg s N7 2
#M_m%
NUIl ddd ®©
Janduiod 350y M\ HIAGET J9A0 J10dsueay afiy
Jd Paseq-xnury 2JE.I-10.LId [Puuey)) J0J JINDID [enIIA
— SUI]
=) djed pneq Yul WIn)I - 7Y OHM:OHNw
o 9)el pneq Yul| presioy - Ty PLUS
o Il
, ~ — HO.% HOH@#ﬂEMm
_ o /e - 10119
Jd Paseq-xnury
7 — ‘ ﬁ@ﬁwﬁmﬂo
A = o p— | poseq
J9yndwod aSueyd 1nduod sZueyd iy | -MHAIAGET
-3jeI MATAQRT -3)e1 MITAQR]

_ SHU0JJ3 Juswdo|ana(



100T UOTeIN/M1ARY D,
11 V SVN/S[020101] 2oedg v %W 2

S1000304d [9AB|-)ul] pue wa)sAs Bunelado
YIIM S1oBJBlUI I MOY pue uolejuswa|dwi
9oUal8)8l S40S Buipurisiapun

UO JY 1IN UHM }I0M O} PaNUIUOD —

Spuodses G 0} dn Aejep jul| pappe —

lolejnwis
Ul MOJ|} Blep |euoljoalip-1q pals|dwod —

MBINBJ 1SB| BOUIS e

S110J)3 1uswdojana(

vvvevvvu:v,evga_aﬁ_w%ww_s@v,ge%%%%%w%e?%avyﬁeeesé_e



IOXNDIDDDDDDDDIBIDDDDRDDDBBDDDPDIDDIDDIDD D NDD DD DD

100 USTBIN/MIIAY |y,
ﬁ <m<z\z89oiuoam m 40\ w
,..e, nvm

Ooxd

| | odo
© OJloueA]| |lIM JO 1senbail e uolnelaualb

10119 ajepljeA 0} sise)] [eloads uey —

lole|nwis Jno
pue S4OS Bunepijea uo sn yum Buppiom
Jswwns 1se| 848y ¥9am auo Juads Y | |IN —

uolepleA Jorejnuis e

SU0}3 wswdojena



100T USTEIA/MITARY ¥,
el VSVN/S[090)01] 2oedg > M\d\ z

SSBUBAII08}8 Uuo [020)0.d
laAe] qui| pue walsAs Buneiado Jo S100)40 «

so)el
BlEep uinlal pue piemio} jenbaun pue |enbo e

sBuiles y3g o|qeueA e
sAe[ap ul| 8|qeleA e
pue sepow |0Jjuod uonsebuod -
JuBJaIP UM d1/dOL "SA SJOS 1B %00 —
alep 0] suonebisenu| e

sjnsay Areulwiaid

D223 D2230035003D0)023DD0D>2DDXDDEDDDDODD e _ﬁ b a ;j_@ v %é_éis



IXIDDDDODDEDBDIDIDERIDPDDIBPDERDBDDDD D) )DD

YD B D DD DD

- i@.ﬂm\_\\f

100T UDTRIA/MITASY 2o,
14! V SVN/S[0200301J 20edg » N7 2
A
ddd [euueyd pue 9ZIs 9IJ JO UOIouUny € se s3nsal J1/dD.L
MO00  rmemms - NOOL  +rarennns pOTRIEEE Al MH000) remmseas - MO0L  +rrrraree HOL e e e ML
H3a H38g
100000 1000000 0 100000 1000000 0
_ ~ 100 | _ - 100
b0 ey —— L0
5 =
||||||||||||||||||||||||| -1 H 1 3
e
.................. . 0l m. oL :
——m— — 00} T — - 00}
L 000} 000}

SYUT] oLjowrwAsun (q)

SYUT[ JLNOWWAS (B)

sjinsay Aleuiwieuid



100C YOTeJA/MIIASY ¥,
ST VSVN/S1000101 20edg ¥ /AV\ z
ﬂ%OU.x.uva
Mmmmm [puueyo pue 9ZIS 9] .«O ,
uonounJ € sk S)Nsax [01U0d uonsaguod fA s dy SdDS
MOOOL +omr - - MOOL  re=rmenne DY 10] EE—— Ml MOOQL rememms» - MOOL  rrvesuses MOL ML
H3g 439
10000°0 1000000 0 100000 1000000 0
_ _ 100°0 A | 1000
100 10°0
— 10 = 10 5
! | ol
i % »
i : ! g
=2 =5
............................ ol & R ) H
............................ 1 o0l — Bttt tatte B
...... 000} 0001
SYUI[ oowwAsun (q) SYUI[ OLIJOWWIAS (B)

s]insay Ateulwilaid

>3320 30023DDDD D222 D220 XdBBDDIDDIDIDIDIDIDIDDIDNDD



YOIDDDDIDDIDDDDDDREDEDDIDD D BDD DD ) mhymdrpdDddid

100T YOTeIN/M1ASY R
91 VSVN/S[090101] 9oedg -] 4‘ 2
,510”.*%&&?&”

AAd [ouUeyd pue JZIS (Y JO
UONOUNJ € SE S}[NSAI [0[U0D uonsaguod seSoA yum dy SdDS

MOOOL  rwmemms - MOOL  svenmnres
HOL > o — 18
H3d
1000070 1000000

— D T W T—.

W
.....
wene
-----------
enon
.....

= 8
e ek
-
-
»

SYuI] ormawwAsun (q)

1000
t0°0
L0

0]
00}
0001
00001}

{spuooas) auil}

MOOOb  smsm-e - HOOL  rasvsesss HOL e e
439
}0000°0 0000070 0
{ |

SYUI] JrnouIuAs (&)

sjinsay Aleuiwieid

AL

1000

100

10

o]

001

0001}

(spuodas) swy



T100T YOTBIA/MITAIY ¥,
L VSVN/S1000101g 9oedg J \

SHIGQI0 0D O} INO sHU|
MO|s, 8say 10} Aljeusad Aejep ul| [eal ON —

|011U09 uollsabuod seba ueyy Janeq Hq
B SHIOM [0J1u0D uosebuod uosqooer uep —

uol}sebuo9o se si0448 1eal} yloq pue
4__mEnm S| 8]kl JOLI8 |auueyd 8y} Usym awes

8y} Inoge YIom S4OS Pue di/dD1 yiog —
- 9@)ep o] sbuipul e

s)insay Aleulwljeid

vav%;vevv%vw?%qe% veawv-vvvkuuvéwaewééve@%



DOXDDDODDODDIDDDEREDDDDDEDIDDDDDEDD DD DD :v% | R

100T UPTBIN/MaTAY P,
31 VSV N/S[020101 9oedg :

‘indybnouy) Jepeq e

9A3IYOk pue suoljdo asay} azijin ued 401

'suondo uoissaidwod Jake| Mul| [eulajul ay)

JO BWOS poddns jou ||im 3 0S uoljeinbBiiuod
|000104d SdDS 8yl 8z1ubooals JoU SB0P ddd —

alep 0] sbuIpul] e

S}insay Aleuiwlaidg



100T YOTeJN/MITAY * A,

61 VSV N/S[000101] 20edg NMWW
Juswiiedxe
9]qIssod 10} awli} 8uo ]e ||e p8loeluo) —
swia|go.d

lenuajod pue ssadore |BlgJo 10} pajebiisanul
m_w>_MC< jeuld .EOOD‘_O .ED_U_.__ .‘_mym_mno_mu —
Buinpayos
10 N9 | 10} SUOI}B||91SUO0D SUOIIBD
-lUNWIWO29|8) O3] SS9k 0] Sall||e1es
|lews J0j jenualod ay) palebiiSenu| e

SS©0Jy WOod9|o] OF

DIX)D2IIDDDDODDDIDDOIDIDDDDIDDIDIDDDDDD w >DDI>DID D 2)JD)



YYD DDDDDDDDDIDDBDDIIIIIDIDBDIDDDDIDDDIDODIDD DD

1007 YOTRIN/MITASY | gy,
0¢ VSV N/51000101] 9oedg > ,4\“ :
[

1IN0 payIom 8q Ajjenjuans ued Jey] anssi
Ue Ssi siy} 1ey) swnsse |[Im am ‘MOoU 10 —

soll||o1es

SUOI}EOIUNLWIWOD SUOIBIIUNWWO3|8}

pue sallj|ares O3 10} siseq Je|nbai e uo
S82IAI9S 90eds-0}-90edSs 10} SUOIBIO0|[e ON —

Aojeinbay e

SS900y WO099|9] O]



Ic

100T Y2TBJN/MITASY " iy
VSVN/S[000101] doedg ~ Jﬁ.uw

%
[
On: #.,,o.«v

2
2

M3

sIsAjeuy |euld{ —
UoI}B||81SU0 ) SAIBUIBYY e
WwooqiQ —
1e1S|eqO|D) —
SisAjeuy a8yl ul pas SUOI}B||BISU0)) e

ollj|oleS
JBUI0D € B2IAIBS 0] WNIpU| 1B Y00 —

lesodoud |elliu] e

SS900Y W0999| OJ1

)>22320533)220330DDHFDIDIDDDIDIIDDIDIDIIDIDIDDDIDDIDID



YYIDDDDBDODDDDBEBDDREDIDDLIDBIIDEDEDD Y DIDDDIDDID D DD

cC

100T Y2IeA/MITAY
VSV N/S[000101] 20edg

(uru) uonteunq ssed

0og

sassed JO JaquinN

t.ﬂvV.n.f,.uW\_\\—\

> &
o« T 2
"% [
7% sv&

Ooyxd

‘uljoul
0G'8¢ —
e
wX 0GE —
SS900Y
JB1S|eqo|Y) e

SS90y WO02919| O



100T YOTRIA/MITARY P,
€C VSV N/S[000101 20edg 3 %\m
&900%»&»
(upu) uoneing ssed .
€L 2+ L O 6 8 L 9 S ¥ € 2 |
1 1 1 1 O
— 4
14 .
z uljoul
3 .
,m, m om wN -
s O
'8 w e
8wy 0GE —
- 0l
SS90y
4!
WIWIOOQIO e
4t

SS80Jy Wodg|e] O3

DJ)D222350D0030233023D>2203D5D2332D>>3D03DD3D) @ew 252)2>3D0)



IXDIDDDDDDODDODDDODDDDDDDEDDODIDDDIIDDDDIDIDEIBDYDD I

14

100T YOTeIN/MITATY .«m@nf
YV SVYN/S[000301] 3oedg ¥ 2
4
dHN ———— dHA e - |
| 2Wl] |ed07
GG6v.¢ 61-9v:¢ gv.eve
_ 0008-
-1
\ 0009 3
Va 000%- €
T =—- 0002- 3
=/ ) 0 9 ,
T 4 %mm ] SIS
.V —
T
_— o000 & I91ddo(

0008  WIWIODQID) e
Jes Jaulo) ¢

SS900Y WO0o99| O



100T YOTeJA/MITARY I,

Y4 VSVN/S[020101] 9oedg ¥ 24‘.\ z
1;;00.%...-&_.4
000000} ==——-—-— 0001
Sjey 10413 1g
100000 100000 0 Ul
_ _ . Ui
- . ddd 1o
2 o
- ; S AN 1
| ol 2
. pue gy [
oL 3 10y sown
\Ww .
|||||||| s inininin B Jojsuer)
00001} O:m °

lajsuel] aji4 dy sdq 008t

SS90y W029|9] O

DJJ)J2D22D20000233502202200 202025250 222D0D00D D209 D)



YIXDDDDDDDDDDDDDDODEDDDDDIDDDDDEDDDIDDIDOIDDDI DD DD

100T UOTeIN/Md1ASY L
9T VSV N/S[090101J 20edg ¥ ,;4‘\ 2
,\a |

AUl
yoes uo sdq 009126 01 Jojenwis spelbdn —

uonsebuod se s10.1e sjeal) ||I}S Yyoiym
dD1 plepuels 1ano abejueape Aue ainseaw e

uol}sebuod 10U pue sJoJid
Se paleal] sieyord 1SO| yym uoiejuswas|dwi
9oualdlal SdODS JO SISa] 1o0NpuU0o? —

S1S9)] ge|-U| e

. sde)s XN



LT

R

 suonEsuNUIIedd ],

100T YOTeA/MOTADY . S,
V SVN/S[000101] 9oedg
4

Oy

uonsabuod jou

1K10ye10qe ] yoreosoyg Kauy pue Si0.lle St pajeal] SSO|

'Illv‘llv"!-il‘lllllll

UM SdOS ajebnsenul —
SdOS

pue 491 Jo esuodsal
wan_\,_ | < ayebisonul —

fiojeloqen

yoleasay AneN

1B Yul| 8}ljje1es e I9A0
085 S])|NsaJ Joje|nwis ajepijen —

'S1s9] ol||eleS .

aNIes

sdals 1XeN

)J 2222202020323 2222D222022220000 G 229D 202 ) )2 e



CYDDDDDDDDDDIDIDDDDDDDIDDDDIDIDDDDDDIDDDIDDDIDID DD D

100T UOTeJA/MOIAY P,
8T VSV N/S[090101] doedg MW 2
&

AY
Ooykd

avE -

=

SpJepuels Ny Ssojalim
Jo ylooen|g Buiwoadn
oy} a1| bulyiswos

uo ABojouyos) aseg —
MULIYS pue moub

0] S18)SN|O MO||e 0} pesN —
uoneziuoiyouAs
loud 1noyym
Sa}l||e1es 108uuOolIBUI

0} poyiaw © SposN —

(BuiA14 uonrewo)
Siaisn|D dll||sleS e

senl|lqIssod ainn4



100T YOTEIN/MOIAY SN,
@N <W<Z\w~OOOuO.~AM DQNQW J“

Ty X&&v

SUOI]B2IUNWIWOD
Buiinpayos pue H® | 10}
S8ll||s1es O3 WOJj SUOHEDIUNWWIODS|S)
O3 buissadoe yim paAjoAUl SONSSI
BunesuiBue pue Aiojeinbal are 8iay] e ,
f uonnquisip
elep ‘Albaul erep ‘Alunoes ssaooe
0} palejal suolisenb palamsueun Auel e

SI|IQISSOd INiNnd

D)X2220D000220D022900D2D00D53203033530320022002030322322500))



S YXDDDDDDDODDODDDDDDDDDDDDIDDDODDDDIDDDIDIDDDIDDDD

100T YoTeN/Malasy g,
0t V SV N/S[000101] 90edg J “

OI.... x-.v

- senss| |000j01d Buissaippe
u diay b1q e aq [|IM PlIOM JDUIBIU| e
, luswdojanap BulAy

co;mc:E 10} dew peo. poob e apino.d
Aew ABojouyoa) SSOjIM [BLI1S8LID ] e

9WO02JaA0 8q ued swa|qo.id Aiojejnba.
JI 1d@ou09 Bunloxas ue si Aisnpul
SS9laliM 8yl yum ayljjeres ayl buneibalu] e

SaI|IqISSOd aining



CCCCCCCCCCCCClCeCCCCaeeriCeeeeeeeeeecCcecceecc

Recent Results on Coding and Nonlinear

Equalization at the University of Arizona

William Ryan

University of Arizona

March 8, 2001




Outline

o early turbo code designs (serial and parallel)

o more recent turbo code designs: double turbo DPSK

e initial work on low-density parity-check codes

e combined nonlinear equalization and decoding
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Bandwidth—Efﬁcignt Parallel and Serial
Concatenated Codes for QPSK Modulation:

Consideration for the CCSDS Near-Earth Standard

William E. Ryan, University of Arizona

Omer Acikel, New Mexico State University

March 4, 2001



OUTLINE
'+ Bandwidth-efficient signaling with MPSK
« The proposed codes - parallel and serial concatenations

o Performance results for the codes
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BANDWIDTH-EFFICIENT SIGNALING

» bandwidth-efficiency for coded QPSK (r = code rate):

EQPSK, codea = 2r (bits/sec)/Hz

« bandwidth-efficiency for coded 8PSK (r = code rate):

EspsK, Codeéz3r (bits/sec)/Hz
Example
o rate 2/3 trellis coded 8PSK:

ESPSK, coded = 2 (bits/sec)/Hz

e rate 15/16 turbo coded QPSK

EoPSK, coded = 1.875 (bits/sec)/Hz

e but, the coded QPSK scheme is more power efficient and has

a more robust receiver



‘THE PROPOSED CODES

The Parallel Concatenated Convolutional Codes

AWGN
Uk l y}i
| g2(D) Tk | P R ___»yfk
9:(D) g é
C
I t
....................................... w | T
| g2(D) T2k Ill __,ygk
1(D) 1 8 i
Diagram of PCCC encoder.

« we consider rate 3/4, 7/8, and 15/16 PCCCs, with memory m =

3 component recursive systematic convolutional codes
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The Serial Concatenated Convolutional Codes

AWGN

0 i n
U U Tk 7 kyk
—{OUTER|_p Jwox— I —INNER=

Ty

70 7° U Il','i ng
U 1k . k k 1k eg Uk
—OUTER mux— | —INNER| — —
] po — ] pZ e
Tok Th

SCCC encoder with two rate 1/2 RSC encoders.

) 5



(1) Top Diagram: a punctured outer rate r, = k/(k + 1) RSC

encoder and a 7; = 1 (2-state) differential encoder

(2) Bottom Diagram: two m = 3 RSC encoders, with the inner
and outer RSCs punctured to achieve rates r; = 2k/(2k+1) and
T, = (2k + 1)/(2k + 2), respectively

« We consider rate 3/4, 7/8, and 15/16 SCCCs.
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PERFORMANCE RESULTS

PCCC Performance

« decoder: iterative BCJR-APP algorithm with 15 iterations

« information word size: 10,000 bits

« code rates: 3/4, 7/8, and 15/16
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10

10

Capacity limit for rate 3/4, 1.62 dB

1. - i i

f i J T T

O PCCC
* Convolutional, m=6

uncoded 3

N=10000 rate 3/4
P(2,4)

15 iter.

rate 3/4 (15,11)

-

3 4 5 6 7

o

9 10
Eb/No (dB)

Rate 3/4 PCCC bit error rate performance.
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10

107

-4

Pb (BER)
S
T

10 "¢

Capacity limit

> rate 15/16 (15,11)

A1

uncoded

N=10000
P(2,2)
15 iter.

10

1 2 3 4 5
Eb/No (dB)

6

Rate 15/16 PCCC bit error rate performance.
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SCCC Performance

« decoder: iterative BCJR-SISO algorithm with 15 iterations

« information word size: 10,000 bits

« code rates: 3/4, 7/8, and 15'/16

11



vvvsiev%i;gi%%;véeﬁ;-ivgfﬁéé;g%$Evgﬁi;av%ﬁzia;%,vﬁé%,.

o T Al T v AR e ~
QOO
QOO
QOO i o]
173727 m
333 8
c
! 5 1o o
Q
X QO+ m
3
L ]
~ D H
oF
Q
+
— Iy}
m -
= S
= 4 0 O
Z
S o S
388 . o
883 -
Ty Ty T 8 O
¥ S50 ®
| zZzz - 4o
O
&
1.\“\\“’“\\4\\\1“\\*\\* ~—
o
r - o™y [¢5)
. -+
| ap 29°L ‘#/£ erel Jo) hunj Ayoeden DM
1., 1 P " J Y " A
i) ? T % R
Qo o (= ‘o ‘o



]

4/2 SCCC
8/2 SCCC
8/8 SCCC

1
5
Eb/No (dB)

Rate 7/8 SCCC bit error rate performance.
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Performance Comparisons: PCCC, SCCC, Convolu-
tional, and Trellis-Coded 8-PSK

CCCCCCCCC(

-2

10 T

T T T T T

O PCCC
X 8/2 SCCC
* Convolutional, m=6

I
|
—rrTr

¢ (

3|
|

€ CCCC

10 ' uncoded

_4

Pb (BER)
S
T

Capacity limit for rate 3/4, 1.62 dB

< :
< .

o I

< (

= 10‘5; i rate 3/4
o : L

. 4

I = 10-5 L 1 L L L 1 | 1 L

D e 0 1 2 3 4 5 6 7 8 -9 10
- Eb/No (dB)
b4

g Comparision of rate 3/4 codes: PCCC, 8/2 SCCC, and a memory 6

B 4

-~ convolutional code.
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. =
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=
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10 - T L ] T T T T T
F ]
(o] PCCC 4
X 8/2 SCCC 1
* Convolutional, m=6
:
b
107 ]

T

i
I
|
|
|
|
I
|
I
I
I
a
o k
T w | ¢
w4 g'
010 o | -]
£ I N
[ g
5 i
= | D
E I
= b
_5 2 |
10 '+ S rate 7/8 -
[ % i ]
[ O
r ]
i 1
3 !
|
10'5 1 1 O S ] 1 L ] I L
0 1 2 3 4 5 6 7 8 9 10

Eb/No (dB)

Comparision of rate 7/8 codes: PCCC, 8/2 SCCC, and a memory 6

convolutional code.
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1t
Il

CCaq¢CCdcd

10 [ T T T L T T T T
! ! o) PCCC ]
| X 8/2 SCCC 1
| * Convolutional, m=6 1
; + r=2/3 TC 8-PSK
I
J
107 3 I uncoded 7
[ i
! I
0 i
r rate 1/2 ]
I
@ i
5 107k !
£ a\
[ S
> m- |
©
3|
10 g
- § |
E|
2
g |
%
10'5 1 S ] O, 1 ] ¢ 1
0 1 2 3 4 5 7 8 9 10
Eb/No (dB)
Comparision of the rate 15/16 PCCC and 8/2 SCCC codes, and

rate 2/3 trellis-coded 8PSK.
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Comi)arison to QPSK Capacity Curve

« the E3/Ny required to achieve a bit error rate of 107° is plotted

C and r (bits/channel use)

again;: the QPSK capacity curve

m=3, r=3/4, PCCC
m=3, r=7/8, PCCC
m=3, r=15/16, PCCC
r=3/4, 8/2 SCCC
r=7/8, 8/2 SCCC
r=15/16, 8/2 SCCC
TC 8-PSK

m=6, r=3/4, Conv
m=6, r=7/8, Conv

T [ T 1 ¥
2 ______________________
1.8}
16
14+
12+
o
iF @]
o)
08 +
*
06 X
*
04+ g
[
02}
0 i I 1 1 i
-2 -1 0 1 2 3
Eb/No (dB)

Bandwidth-/Power-Efficiency operating points for the codes

. {
5

presented in this paper.
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Convolutional Double Accumulate Codes
(or Double Turbo DPSK)

Rajeev Ramamurthy and William E. Ryan
ECE Department, University of Arizona

November 15, 2000

U siso
(4 Le D
o 1 00 q ()
. I1
L Ly
TT = N, bit pseudo-random interleaver nk Nz, bit pseudo-random de-interleaver
F, = Outer convalutional code (rate r, < 1) D, = Quter APP decoder.

E, , E; = Inner accurmilate codes (rater; , 5, = 1) D, , D, = Inner APP decoders.

Encoder and decoder for double turbo DPSK.



Probability of Bit Error (Pb)

:::s!:::::::::::::_!::::7:::":':::':.'1::::.'::::::::t:::::::::::::!::::5.:::::::_:'F """""" AR

r=1/2 Serial n=1
r=1/2 Serial n=2
f=1/2 PCCC

r=8/9 Serial n=1
r=8/9 Serial n=2
r=8/9 PCCC

srror rate floors

BER's of rate

Eb/No (dB)

% and § serial and parallel codes.

¢ ¢ (o

oo NH\" (@i CqUUiaieqqaquaeqaqaaaaqaaad



¢CCC0e¢CCCCCC0CCCCCC(

1l
{

¢ ¢

"
1

CCEqEaCqaaaeaeaeeeeed

|
n

—
o

Probability of Frame Error (Pf)

1
r=1/2 Serial n=1
r=1/2 Serial n=2
r=1/2 PCCC
r=8/9 Serial n=1
r=8/9 Serial n=2
r=8/9 PCCC

107
'SCCC Eo = (1 6/7) E E
1 L : I 3 .
1 2 3 4 ° i 7
I Eb/No (dB)

FER’s of rate -21-, & serial, parallel codes.
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Probability of Bit Error (Pb)

1 1

-
e
—re
—A—
—a-

r=4/5 Serial n=1
r=4/5 Serial n=2
r=4/5 PCCC
r=16/17 Serial n=1
r=16/17 Serial n=2
r=16/17 PCCC

i} — arror rate floors

................

. :SCCC Bo=(1:5/7) i .........,:....::::::::::::::ff:.:::::::::::::::::::::::.:::....f‘.’i'}“""‘-
I i 1 1 | I 1
2 3 4 5 6 7 8
Eb/No (dB)

BER’s of rate % and % serial and parallel codes.
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Probability of Frame Error (Pf)

I

r=4/5 Serial n=1
r=4/5 Serial n=2
1=4/5 PCCC
r=16/17 Serial n=1
r=16/17 Serial n=2
r=16/17 PCCC
error rate floors

aal

1

i ) |
3 4 5 6 7 8
Eb/No (dB)
FER’s of rate %, i—g serial, parallel codes.
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Initial Results on
Low-Density Parity-Check Codes

Michael Yang and William Ryan
University of Arizona

March 2001




o low-density parity-check codes were invented by Gallager

circa 1960 at MIT for his doctoral dissertation

K rriéﬁb;oximately five ')Vlreicirsiiégo, they were independently re-

invented by MacKay (Cambridge University) and others
o the idea behind these codes (we assume binary codes):

1. recall all codewords in a linear code form the

nullspace of a so-called parity-check matrix H:
Hc'=0 whenever c is a codeword

2. we say the binary matrix H is low-density if it is
sparse, that is, if it contains only a small fraction of

ones

3. the low-density property leads to very powerful
codes with decoders lower in complexity than turbo

decoders
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the initial designs on LDPC codes (Gallager and MacKay)
involved random designs with certain row and column

constraints (e.g, # 1’s per column k. > 2 and the # 1’s per row

ko> k)

the problem with randomly generated codes is that the
encoder is now complex: ¢ = uG =u [ I| P] (imagine if G

was 9000 x 10000 so that P was 9000 x 1000)

more recently, Shu Lin and others have been looking at

algebraic and combinatoric designs

we have been examining both approaches for CCSDS near-

earth standards work



Performance of Mackay (4161,3431) LDPCC

Pb (Probability of bit error)

PP | I

~ = uncoded BPSK

> Py

—- P,

a5 Pb (burst)

—-- Pcw(Burst)

Burst length = 128 bits
107
107
3 L ; L ; _ N\
2 3 4 5 6 7 8 9 10

Eb/NO IndB

A rate r = 0.82 MacKay LDPC code with BPSK/QPSK
signaling on an AWGN channel, with and without RFI bursts.
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A rate r = 7/8 (= 0.875) quasi-cyclic LDPC code based on
difference sets for BPSK/QPSK signaling on an AWGN

channel, with and without RFI bursts.
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